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Abstract 

Background: In addition to its important metabolic activities, vitamin D also contributes to the regulation of the 
immune system. The aim of this study was to assess the relationship between hypovitaminosis D and disease 
activity in Moroccan children with juvenile idiopathic arthritis ( J I A) . 

Methods: In this cross-sectional study, forty children with JIA were included, all having been diagnosed according 
to the classification criteria of International League of Associations for Rheumatology (ILAR). The children underwent 
anthropometric assessment and clinical evaluation. Disease activity was measured using the Disease Activity Score 
in 28 joints (DAS28) for polyarticular and oligoarticular JIA and the Bath Ankylosing Spondylitis Disease Activity Index 
(BASDAI) for enthesitis-related arthritis. Serum 25-hydroxyvitamin [25(OH)D] D 2 and D 3 were measured using radio- 
immunoassay (RIA). Hypovitaminosis D was defined as serum 25(OH)D <30 ng/ml. 

Results: The average age of participants was 1 1 years ±4.23. Hypovitaminosis D was observed in 75% of patients. 
In univariate analyses, 25(OH)D levels were negatively associated with DAS28 for polyarticular and oligoarticular JIA. 
No significant relationship was found between 25(OH)D levels and BASDAI for juvenile spondylarthropathy. In 
multivariate linear regression analysis, no association persisted between 25(OH)D levels and DAS28. 

Conclusions: Our study suggested that serum levels of vitamin D were low in Moroccan children with JIA disease. 
Future studies with a larger population are needed to confirm our results. 
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Background 

In recent years, vitamin D has attracted a significant 
amount of attention from researchers [1]. It is estimated 
that as many as one billion people worldwide suffer from 
vitamin D deficiency or insufficiency, and this was 
shown to be prevalent across all age groups, genders, 
and geographic regions [2-4]. In addition to its import- 
ant metabolic activities, vitamin D also contributes to 
the regulation of the immune system [5]. It has been 
suggested recently that vitamin D is an environmental 
factor that, by modulating the immune system, affects 
the prevalence of autoimmune diseases [6]. The immune 
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modulatory effects of this vitamin have been subject to 
extensive examination, leading to recent speculation that 
it may play a role in select inflammatory diseases [7]. In 
adults, many studies have shown an inverse association 
between disease activity and serum levels of 25(OH)D 
[5]. For example, serum 25(OH)D levels were found to 
correlate inversely with disease activity in adults with 
rheumatoid arthritis (RA), in those with newly diagnosed 
inflammatory polyarthritis [8,9], and in ankylosing spon- 
dylitis [10]. Pelajo et al. found that 20% percent of pa- 
tients who attended a pediatric rheumatology clinic were 
vitamin D deficient [11]. Juvenile idiopathic arthritis 
(JIA) is the most common chronic rheumatic disorder of 
childhood [12]. It is a heterogeneous and multifactorial 
autoimmune disease characterized by persistent joint 
inflammation, which manifests as swelling, pain and 
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limitation of movement [13]. However, data is limited 
regarding the association between disease activity and 
serum levels of 25(OH)D in children with JIA. The aim 
of this study was to examine the association between 
serum levels of 25(OH)D and disease activity in Mo- 
roccan children with JIA. 

Methods 

Between June and August 2011, we recruited patients di- 
agnosed with JIA who met the classification criteria of 
the International League of Associations for Rheumatol- 
ogy (ILAR) [14]. The Departments of Rheumatology and 
Pediatrics of the University Hospital of Rabat-Sale car- 
ried out this cross-sectional study. Patients were ex- 
cluded if they had either an additional chronic disease or 
were receiving treatment (except corticosteroids) that 
could influence vitamin D status. No patient was taking 
vitamin D supplementation. The Ethics Committee of 
university hospital center Ibn Sina approved this study 
and all participants' parents provided written consent. 

A detailed questionnaire was completed based on the 
information obtained from the patients medical records 
and by interviewing all of the participants or their par- 
ents for children under 10 years. Collected data included 
age, sex, subtype of JIA, disease duration, and medication 
(corticosteroid, non-steroidal anti- inflammatory drugs 
(NSAIDs), methotrexate, sulfassalazine and biological 
drugs). Erythrocyte sedimentation rate (ESR), C-reactive 
protein (CRP) and the patients responses to the Child- 
hood Heath Assessment Questionnaire (CHAQ - trans- 
lated and certified in Arabic) [15]. Disease activity was 
measured using the Disease Activity Score in 28 joints 
(DAS28) for polyarticular and oligoarticular JIA [16,17], 
and the Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI - translated and certified in Arabic) for 
juvenile spondylarthropathy [18]. 

Serum 25-hydroxyvitamin D 

Serum concentrations of calcium, phosphate, alkaline 
phosphatase, and 25-hydroxyvitamin D 2 and D 3 [25 
(OH)D] were measured. All serum samples were taken 
during the summer when vitamin D levels would nat- 
urally be the highest, and measurements were done in 
the same laboratory. Serum 25(OH)D was measured in 
nanograms per milliliter using radioimmunoassay. We 
defined levels <20 ng/ml (50 nmol/L) as vitamin D de- 
ficiency; levels from 20-29 ng/ml (50-72 nmol/L) as 
vitamin D insufficiency; and levels >30 ng/ml (75 nmol/L) 
as adequate [2,19]. 

Statistical analysis 

Analyses were performed using the software program SPSS 
(Windows Version 13.0, SPSS Inc., Chicago, IL). Descrip- 
tive statistics were used to assess the demographic variables 



Table 1 Socio-demographic and clinical characteristics of 
the patients 



Females 1 


18 (45) 


Age (years) 2 


1 1 ± 4.23 


Subtype of JIA 1 




Systemic-onset arthritis 


1 1 (27.5) 


Oligoarthritis 


9 (22.5) 


Rheumatoid factor- positive polyarthritis 


17 (45.5) 


Rheumatoid factor- negative polyarthritis 


1 (2.5) 


Enthesitis-related arthritis 


1 (2.5) 


Psoriatic arthritis 


1 (2.5) 


Time since JIA onset (years) 3 


2 [1-5] 


Medications used 1 




NSAID 


30 (75) 


Corticosteroid 


23 (57.5) 


Methotrexate 


16 (40) 


sulfassalazine 


6(15) 


Biologies 


3 (7.5) 


Ciclosporin 


1 (2.5) 


CHAQ 3 


0.5 [0-1.75] 



dumber and percentage N (%); 2 mean and standard deviation; 3 median and IQR 
interquartile range; NSAID: non-steroidal anti-inflammatory drugs; CHAQ: 
Childhood Health Assessment Questionnaire. 



and characteristics of disease activity. A linear regression 
was used to analyze the association between serum 25 
(OH)D levels and any variables that could influence serum 
25(OH)D levels, including age, BMI, duration of JIA, JIA 
subtype, CHAQ, Patient global health, Tender joints, Swol- 
len joints, DAS28, ESR, and BASDAI and Medications 
used. DAS28 and its components (except swollen joints) 
were included in multivariate analysis. P values < 0.05 were 
considered significant. 

Results 

Forty patients, 18 females (45%), with JIA were included 
in this cross sectional study. The average age of partici- 
pants was 11 years ±4.23. The median disease duration 
was 2 years [1-5]. The most common JIA subtypes were 

Table 2 Characteristics of disease activity 



Tender joints 1 3 [1-8] 

Swollen joints 1 1 [0-3] 

ESR (mm/h) 1 34.5 [25-55] 

CRP (mg/l) 1 21.5 [11-41] 

Patient global assessment (cm) 1 25 [10-40] 

DAS28 2 4.84 ± 1 .27 

BASDAI 1 1.4 [0-2.6] 



Median and IQR interquartile range; 2 mean and standard deviation; DAS28: 
disease activity score in 28 joints; ESR: Erythrocyte sedimentation rate; CRP: 
C-reactive protein; BASDAI: Bath Ankylosing Spondylitis Disease Activity Index. 
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vitamin D deficiency vitamin D insufficiency adequate 
Figure 1 Characteristics of 25-hydroxyvitamin D. 



rheumatoid factor-positive polyarthritis (45.5%), systemic 
(27.5%), and oligoarticular (22.5%). Twenty three chil- 
dren (57.5%) were receiving corticosteroid. Twenty-two 
patients (55%) were using disease-modifying anti-rheumatic 
drugs (DMARDs). Three children (7.5%) were under 
biological drugs. Patients' characteristics are presented 
in Table 1. 

Twenty-one patients (52.5%) were considered to have 
an active disease, with 48% patients having a high dis- 
ease activity. The average DAS28 was 4.84 ± 1.27. Me- 
dian BASDAI was 1.4 [0-2.6]. Characteristics of disease 
activity are presented in Table 2. 75% of children had 



hypovitaminosis D [25(OH)D <30 ng/ml] (Figure 1). The 
mean serum 25(OH)D level was 22.21 ng/ml ±10.87. 
Levels of serum calcium, phosphate and alkaline phos- 
phatase were normal in all patients. 

Serum 25(OH)D levels were associated with DAS28 
(p = 0.04 , |3: -3.87, CI: (-7.67,-0.07) ). In the univariate 
linear regression analysis, serum 25(OH)D levels were 
associated with the following disease activity compo- 
nents: ESR (p = 0.05, |3: -0.14, CI: (-0.28,0.004)), tender 
joints (p = 0.02, p: -0.79, CI (-1.47,-0.10)), and patient 
global health (p = 0.04, p: -0.17, CI: (-0.35,-0.004)). In 
multivariate linear regression analysis, no association 
persisted between 25(OH)D levels and DAS28, ESR, ten- 
der joints and patient global health. Number of swollen 
joints was not used in the multivariate analysis because 
it was not associated in the univariate linear regression ana- 
lysis. Linear regression analysis between 25(OH)D levels 
and participant characteristics is presented in Table 3. 

Discussion 

To the best of our knowledge, this is the first study in 
Morocco, let alone in an Arabic and/or African country, 
concerning hypovitaminosis D and disease activity in chil- 
dren with JIA. When measured by DAS28, our results 
showed an association between serum 25(OH)D levels 



Table 3 Linear regression analysis between 25(OH)D levels and participant characteristics 






Univariate analysis 




Multivariate analysis 




P 


CI 


P 


P 


CI 


P 


Age (years) 


-0. 32 


(-1.15, 0.51) 


0.4 








BMI 


-0.15 


(-0.96, 0.65) 


0.7 








Time since JIA onset (years) 


-0.52 


(-1.74, 0.69) 


0.4 








JIA subtype 














Oligoarthritis 


0 












Systemic-onset arthritis 


-0.92 


(-8.81,6.96) 


0.8 








Polyarticular forms 


-0.55 


(-7.61,6.50) 


0.8 








CHAQ 


-3.28 


(-7.31, 0.75) 


0.1 








Patient global health (cm) 


-0.17 


(-0.35, -0.004) 


0.04 


-0.6 


(-0.50, 0.38) 


0.7 


Tender joints 


-0.79 


(-1.47, -0.10) 


0.02 


-1.23 


(-3.76, 1 .30) 


0.3 


Swollen joints 


-0.67 


(-1.78, 0.42) 


0.2 








ESR (mm/h) 


-0.14 


(-0.28, 0.004) 


0.05 


-0.21 


(-0.66, 0.23) 


0.3 


DAS28 


-3.87 


(-7.67, -0.07) 


0.04 


4.02 


(-0.66, 0.23) 


0.6 


BASDAI 


-1.88 


(-6.40, 2.62) 


0.3 








Medications used: 














NSAID 


1.45 


(-6.67, 9.57) 


0.7 








Corticosteroid 


1.08 


(-6.04, 8.2) 


0.7 








Methotrexate 


-3.63 


(-10.73, 3.46) 


0.3 








Sulfassalazine 


-0.04 


(-9.91, 9.83) 


0.9 








Biologies 


1.56 


(-11.81, 14.94) 


0.81 









CI: confidence interval at 95%; BMI: body mass index; DAS28: disease Activity Score in 28 joints; ESR: Erythrocyte sedimentation rate; BASDAI: Bath AS Disease Activity 
Index; NSAID: non-steroidal anti-inflammatory drugs; CHAQ: Childhood Health Assessment Questionnaire. 
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and JIA disease activity. On the other hand, no significant 
relationship was found between BASDAI and 25(OH)D. 
In multivariate linear regression, no association persisted 
between 25(OH)D and disease activity components. The 
small sample size of children; and the duration of illness 
may explain this result. With the average onset time being 
two years earlier, many of the children were taking medi- 
cation that would modify the disease course. One study 
also examining serum 25(OH)D levels and disease activity 
in children and adolescents was performed by Pelajo et al, 
which found no association between the two variables 
[20]. Patel et al. examined patients who had been recently 
diagnosed in the early stage of inflammatory polyarthritis, 
45% of whom were classified as having RA for no more 
than 1 year [8]. Like us, they found a strong inverse asso- 
ciation between baseline levels of both serum 25(OH)D 
and disease activity, as assessed by DAS28. Two studies 
completed in the last five years have highlighted the asso- 
ciation between autoimmunity and vitamin D deficiency 
[21,22]. Cutolo et al. reported that vitamin D is implicated 
in the pathogenesis of different autoimmune disease [23]. 
Those results support the research of numerous other 
studies, which found that the immune system is character- 
ized by low serum levels of vitamin D that correlate to the 
severity of the disease [4,24]. In unadjusted analysis, a 
2010 study found that vitamin D concentrations were 
inversely associated with baseline pain (p = 0.04), swol- 
len joints (p = 0.04), and DAS28 (p = 0.05) in African 
American patients with early stage RA [7]. When compar- 
ing RA patients to healthy controls, 5 studies revealed 
lower levels of 25(OH)D in the patients [7,22,25,26], while 
2 studies did not find such a distinction [27,28]. Looking 
beyond RA to other autoimmune disease, Becker et al. 
found that 34 of 57 systemic lupus erythematosus (SLE) 
patients who had high disease activity also had severe vita- 
min D depletion [29]. 

Our study showed a high level of hypovitaminosis D 
(75%) in children with JIA. In studies comparing healthy 
children to children with JIA, vitamin D deficiency has 
been noted in children with JIA [30]. Epidemiological 
data indicates that up to 60% of patients with RA have 
25(OH)D levels <50 nmol/L, and 16% have levels would 
be classified as vitamin D deficiency (<12.5 nmol/L) [31]. 
Pelajo et al. compared two groups, one with and one 
without autoimmune disorders [11]. They found that of 
those individuals in the autoimmune disorders group, 
23% had vitamin D deficiency [serum 25(OH)D < 20 ng/ 
ml], and of those in the non-autoimmune group, 14% 
were vitamin D deficient. Even though there has been 
extensive evidence of vitamin D deficiency in association 
with autoimmune rheumatologic disorders in adults, lit- 
tle information is available relating to children [4]. 

Despite the methodological limitations of this study 
(small sample size, cross-sectional, single-center study 



(in El ayachi hospital, there is more recruitment of late 
and polyarticular forms, however, in paediatric hospital, 
they recruit more early and oligoarticular forms which 
constitu a bias of recruitment) and absence of control), our 
results could support the studies concerning the association 
between serum 25(OH)D levels and disease activity in chil- 
dren and adolescents with JIA. 

Conclusion 

Our study showed that three-quarters of children with 
JIA had hypovitaminosis D. This study adds evidence to 
the growing knowledge regarding vitamin D and auto- 
immunity. Additional research, with a larger sample of 
children, is needed to confirm our findings. 

Competing interests 

The authors declare that they have no conflict of interest. 
Authors' contributions 

This work was carried out in collaboration between all authors. All authors 
read and approved the final manuscript. 

Acknowledgements 

The authors declare that they have no special thanks 
Author details 

department of Rheumatology, El Ayachi Hospital, University Hospital of 
Rabat-Sale, 1 1000 Sale, Morocco, department of Pediatrics, Children 
Hospital, University Hospital of Rabat-Sale, 10000 Rabat, Morocco. 3 Laboratory 
of Biostatistical, Clinical and Epidemiological Research, University Hospital of 
Rabat-Sale, 10000 Rabat, Morocco. 

Received: 19 February 2013 Accepted: 25 March 2014 
Published: 1 April 2014 

References 

1. Oren Y, Shapira Y, Agmon-Levin N, Kivity S, Zafrir Y, Altman A, Lerner A, 
Shoenfeld Y: Vitamin D insufficiency in a sunny environment: a demo- 
graphic and seasonal analysis. Isr Med Assoc J 2010, 12:751-756. 

2. Holick M: Vitamin D deficiency. N Engl J Med 2007, 357(3):266-281 . 

3. Ginde AA, Liu MC, Camargo CA Jr: Demographic differences and trends of 
vitamin D insufficiency in the US population, 1988-2004. Arch Intern Med 
2009, 169(6):626-632. 

4. Mishal AA: Effects of different dress styles on vitamin D levels in healthy 
young Jordanian women. Osteoporos Int 2001, 12(1 1):93 1-935. 

5. Pelajo CF, Lopez-Benitez JM, Miller LC: Vitamin D and autoimmune rheu- 
matologic disorders. Autoimmun Rev 2010, 9(7):507-510. 

6. Zold E, Szodoray P, Gaal J, Kappelmayer J, Csathy L, Gyimesi E, Zeher M, 
Szegedi G, Bodolay E: Vitamin D deficiency in undifferentiated connective 
tissue disease. Arthritis Res Ther 2008, 10(5):R123. 

7. Crai SM, Yu F, Curtis JR, Alarcon GS, Conn DL, Jonas B, Callahan LF, Smith EA, 
Moreland LW, Bridges SL Jr, Mikuls TR: Vitamin D status and its associations 
with disease activity and severity in African Americans with recent onset 
rheumatoid arthritis. J Rheumatol 201 0, 37(2)275-281 . 

8. Patel S, Farragher T, Berry J, Bunn D, Silman A, Symmons D: Association 
between serum vitamin D metabolite levels and disease activity in 
patients with early inflammatory polyarthritis. Arthritis Rheum 2007, 
56(7):2143-2149. 

9. Cutolo M, Otsa K, Laas K, Yprus M, Lehtme R, Secchi ME, Sulli A, Paolino S, 
Seriolo B: Circannual vitamin d serum levels and disease activity in 
rheumatoid arthritis: Northern versus Southern Europe. Clin Exp 
Rheumatol 2006, 24(6):702-704. 

10. Lange U, Teichmann J, Strunk J, Muller-Ladner U, Schmidt KL: Association 
of 1.25 vitamin D 3 deficiency, disease activity and low bone mass in 
ankylosing spondylitis. Osteoporos Int 2005, 16(1 2): 1999-2004. 



Bouaddi et al. BMC Musculoskeletal Disorders 201 4, 1 5:1 1 5 Page 5 of 5 

http://www.biomedcentral.eom/1 471-2474/1 5/1 1 5 



12. 



13. 



14. 



15. 



16. 



17. 



19. 



20. 



21. 

22. 



23. 



24. 



25. 



26. 



27. 



28. 



29. 



Pelajo CF, Lopez-Benitez JM, Miller LC: 25-hydroxyvitamin D levels and 

vitamin D deficiency in children with rheumatologic disorders and 

controls. J Rheumatol 201 1, 38(9):2000-2004. 

Amine B, Ibn Yacoub Y, Rostom S, Hajjaj-Hassouni N: Prevalence of 

overweight among Moroccan children and adolescents with juvenile 

idiopathic arthritis. Joint Bone Spine 201 1, 78(6):584-586. 

Weiss JE, llowite NT: Juvenile idiopathic arthritis. Pediatr Clin North Am 

2005, 52(2):41 3-442. 

Petty RE, Southwood TR, Manners P, Baum J, Glass DN, Goldenberg J, He X, 
Maldonado-Cocco J, Orozco-Alcala J, Prieur AM, Suarez-Almazor ME, Woo P: 
International League of Associations for Rheumatology classification of 
juvenile idiopathic arthritis: second revision, Edmonton, 2001. J Rheumatol 
2004, 31(2):390-392. 

Rostom S, Amine B, Bensabbah R, Chkirat B, Abouqal R, Hajjaj-Hassouni N: 
Psychometric properties evaluation of the childhood health assessment 
questionnaire (CHAQ) in Moroccan juvenile idiopathic arthritis. 

Rheumatol Int 2010, 30(7):879-885. 

Ringold S, Chon Y, Singer NG: Associations between the American College 
of Rheumatology pediatric response measures and the continuous 
measures of disease activity used in adult rheumatoid arthritis. 

Arthritis Rheum 2009, 60(12)3776-3783. 

Lurati A, Pontikaki I, Teruzzi B, Desiati F, Gerloni V, Gattinara M, Cimaz R, 
Fantini F: A comparison of response criteria to evaluate therapeutic 
response in patients with juvenile idiopathic arthritis treated with 
methotrexate and/or anti-tumor necrosis factor alpha agents. 

Arthritis Rheum 2006, 54(5):1 602-1 607. 

Viswanath V, Myles A, Dayal R, Aggarwal A: Levels of serum matrix 
metalloproteinase-3 correlate with disease activity in the enthesitis-related 
arthritis category of juvenile idiopathic arthritis. J Rheumatol 201 1, 
38(11):2482-2487. 

Holick MF: Sunlight and vitamin D for bone health and prevention of 
autoimmune diseases, cancers, and cardiovascular disease. Am J Clin Nutr 
2004, 80(6 Suppl):1678-88S. 

Pelajo CF, Lopez-Benitez JM, Kent DM, Price LL, Miller LC, Dawson-Hughes B: 
25-25. hydroxyvitamin D levels and juvenile idiopathic arthritis: 
Is there an association with disease activity? Rheumatol Int 2012, 
32(12):3923-3929. 

Lips P: Vitamin D physiology. Prog Biophys Mol Biol 2006, 92(1):4-8. 
Cutolo M, Otsa K, Uprus M, Paolino S, Seriolo B: Vitamin D in rheumatoid 
arthritis. Autoimmun Rev 2007, 7(1):59-64. 
Cutolo M, Plebani M, Shoenfeld Y, Adorini L, Tincani A: Vitamin D 
endocrine system and the immune response in rheumatic diseases. 
VitamHorm 2011, 86:327-351. 

Smolders J, Peelen E, ThewissenM MP, Tervaert JW, Hupperts R, Damoiseaux 
J: The relevance of vitamin D receptor gene polymorphisms for vitamin 
D research in multiple sclerosis. Autoimmun Rev 2009, 8(7):621 -626. 
Zold E, Barta Z, Bodolay E: Vitamin D deficiency and connective tissue 
disease. Vitam Horm 201 1, 86:261-286. 
Als OS, Riis B, Christiansen C: Serum concentration of vitamin D 
metabolites in rheumatoid arthritis. Clin Rheumatol 1987, 6(2):238-243. 
Turhanoglu AD, Guler H, Yonden Z, Asian F, Mansuroglu A, Ozer C: 
The relationship between vitamin D and disease activity and 
functional health status in rheumatoid arthritis. Rheumatol Int 201 1, 
31 (7):91 1-914. 

Bird HA, Peacock M, Storer JH, Wright V: Comparison of serum 25-OH 
vitamin D concentrations in rheumatoid arthritis and osteoarthrosis. 

Br Med J ]980, 280(6229):1416. 

Becker A, Fischer R, Schneider M: Bone density and 25-OH vitamin D 
serum level in patients with systemic lupus erythematosus. Z Rheumatol 
2001,60(5):352-358. German. 



30. Carrasco R, Lovell DJ, Giannini EH, Henderson CJ, Huang B, Kramer S, Ranz J, 
Heubi J, Glass D: Biochemical markers of bone turnover associated with 
calcium supplementation in children with juvenile rheumatoid arthritis. 

Arthritis Rheum 2008, 58(1 2):3932-3940. 

31. Orbach H, Zandman-Goddard G, Amital H, Barak V, Szekanecz Z, Szucs 
G, Danko K, Nagy E, Csepany T, Carvalho JF, Doria A, Shoenfeld Y: Novel 
biomarkers in autoimmune diseases: prolactin, ferritin, vitamin D, 
and TPA levels in autoimmune diseases. Ann NY Acad Sci 2007, 
1109:385-400. 



doi:1 0.1 1 86/1 471 -2474-1 5-1 1 5 

Cite this article as: Bouaddi et al.: Vitamin D concentrations and disease 
activity in Moroccan children with juvenile idiopathic arthritis. BMC 

Musculoskeletal Disorders 2014 15:1 15. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



